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Description

This invention relates to polycarbonate or polyestercarbonate resins.

Recently, transparent resins being excellent in various characteristics are required as materials for
shaped articles in a wide variety of fields such as optical devices and automobile paris. In particular, in
optical recording media such as optical disks and optical memory cards, new systems where users can
record information have appeared, such as write-once system and re-writable system, and with develop-
ment of such recording systems the level of requirement for various characteristics of substrate materials
have been enhancing. Three characteristics are particularly required, namely low water absorption (small
warping caused by water absorption), low birefringence and high thermal resistance. Glass and plastics are
currently used as materials for the substrates. Since glass substrates have drawbacks of low mass-
productivity, being expensive and heavy, and breaking readily, plastic materials, which do not have the
drawbacks of glass, are mainly used for the substrates. Also for other optical elements, e.g. lenses such as
concave/convex lenses and Fresnel lens, diffraction gratings efc., plastic materials are going to be the main
stream for the same reasons as those in the case of optical recording media.

Poly(methyl methacrylate) (hereinafter referred to as PMMA) and bisphenol A polycarbonte (hereinafter
referred to as PC) are currently used as the transparent optical materials. Although PMMA has very low
birefringence, it has drawbacks of having high water (moisture) absorption property and warping or
deforming by water absorption, resulting in a decrease in its optical characteristics. In particular, when
PMMA is used as the material for optical recording media composed of a single substrate, such as digital
audio disks, accurate reproduction of the recorded signals is often impossible. Furthermore, optical
recording media comprising PMMA as the substrate material have some problem in thermal resistance. On
the other hand, PC has lower water absorption property, warps only little and has no problem in thermal
resistance, but it has a serious drawback that its birefringence is large. The birefringence of digital audio
disks or small-diameter lenses can be suppressed within the required level under extremely careful molding
conditions. However, the large-size optical elements such as laser-vision disks having a diameter of 30 cm
or large-diameter lenses with the minimized birefringence cannot be produced even under such extremely
careful molding conditions.

It has been reported that the glass fransition temperatures of polyesters having norbornane skeleton,
perhydrodimethanonaphthalene skeleton and perhydrotrimethanoanthracene skeleton are higher in the order
listed, and that they are higher than those of polyesters having no such skeletons [cf. Journal of Polymer
Science: Polymer Chemistry Edition, 10, p.3191 (1972)]. It is also known that the polyesters having the
above-mentioned skeletons are excellent in dimensional stability and are used as supports for photographic
elements (cf. U.S. Defensive Publication No. 896,033).

An object of the present invention is to provide a novel polycarbonate or polyestercarbonate resin
having excellent transparency and thermal resistance, and having little warp or deformation caused by water
absorption.

Another object of the present invention is to provide a novel polycarbonate or polyestercarbonate resin
having excellent transparency, thermal resistance and resistance to high temperature and high humidity,
and having little warp or deformation caused by water absorption.

Still another object of the present invention is to provide a novel polycarbonate or polyestercarbonate
resin having a high glass transition temperature and thermal resistance, being little sensitive to birefrin-
gence, having excellent transparency, and having little warp of deformation caused by water absorption.

These objects as well as other objects and advantages of the present invention will become apparent to
those skilled in the art from the following detailed description.

The present invention provides a polycarbonate or polyestercarbonate resin having a number average
molecular weight of 10,000 to 100,000 and comprising structural units represented by the following formulae
(), and (IV) and optionally structural units represented by the following formula (Il) or (lll) and (V), the molar
fraction of the structural unit (l) or the sum of the molar fractions of the structural unit (I) and the structural
unit (I1) or (lll) being substantially the same as the sum of the molar fractions of the structural units (IV) and
(V), the molar fraction of the structural unit (Il) or (lll) being up to 45 mol% and the molar fraction of the
structural unit (IV) being 20 to 50 mol%
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wherein nis 0, 1 or 2,

(151 Fo{O)-c{ QYo

wherein A is an alkyl group or a phenyl group,

0

(IV) i
C , and
0 0

(V) | |
C-B-C

wherein B is a divalent saturated aliphatic hydrocarbon group, saturated alicyclic hydrocarbon group or
aromatic hydrocarbon group.

The present invention in particular provides a polycarbonate or polyestercarbonate resin having a
number average molecular weight of 10,000 to 100,000 and comprising structural units represented by the
above formulae (I), (IV) and optionally (V), the molar fraction of the structural unit (I) being substantially the
same as the sum of the molar fractions of the structural units (IV) and (V), and the molar fraction of the
structural unit (IV) being 20 to 50 mol%.

The present invention still further preferably provides a polycarbonate resin having a number average
molecular weight of 10,000 to 100,000 and comprising structural units represented by the above formulae
(), (1) and (IV), the sum of molar fractions of the structural units (l) and (ll) being substantially the same as
the molar fraction of the structural unit (IV), and the molar fraction of the structural unit (Il) being 5 to 45
mol%.

The present invention still further preferably provides a polycarbonate or polyestercarbonate resin
having a number average molecular weight of 10,000 to 100,000 and comprising structural units repre-
sented by the above formulae (1), (lll), (IV) and (V), the sum of the molar fractions of the structural units (l)
and (lll) being substantially the same as the sum of the molar fractions of the structural units (IV) and (V),
the molar fraction of the structural unit (Ill) being 5 to 45 mol% and the molar fraction of the structural unit
(IV) being 20 to 50 mol%.



10

15

20

25

30

35

40

45

50

55

EP 0 357 073 B1

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention and many of the attendant advantages thereof will be
readily obtained as the same become better understood by reference to the following detailed description
when considered in connection with the accompanying drawings, wherein:

FIGURE 1 is the "H-NMR spectrum of the polycarbonate resin obtained in Example 1
FIGURE 2 is the "H-NMR spectrum of the polycarbonate resin obtained in Example 9.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The above-described structural units are now described in detail.

While nis 0, 1 or 2 in structural unit (1), it is preferred that n be 1 or 2, since the thermal resistance of a
resin is higher and its water absorption property is lower with a higher n. On the other hand, from the
viewpoint of manufacturing cost of starting material dihydroxyl compounds, n is preferred to be smaller. On
the balance of the performance and the manufacturing cost of the resin to be obtained, it is most preferred
that n be 1. Structural unit (I) is derived from the corresponding dihydroxyl compound, and the molar
fraction, x, is (50 - y) mol% or (50 - z) mol% wherein the molar fractions of structural units (Il) and (lll) are y
and z respectively.

Structural unit (ll) is derived from 2,2,4,4-tetramethyl-1,3-cyclobutanediol. Resins having a molar fraction
of structural unit () of 5 to 45 mol% give shaped articles having improved mechanical properties as
compared with resins which do not comprise structural unit (Il). Resins having a molar fraction of structural
unit (Il) exceeding 45 mol% give shaped articles having a higher water absorption property and birefrin-
gence than those obtained from resins with the molar fraction of not more than 45 mol%. The molar fraction
of structural unit (ll) is preferably in a range of 10 to 40 mol%.

The alky! groups represented by A in structural unit (Ill) are preferably lower alkyl groups having 1 to 4
carbon atoms, which are exemplified by methyl, ethyl, n-propyl, isopropyl, n-butyl and the like groups.
Particularly preferred is the case where A is methyl, ethyl or phenyl group, and the most preferred is the
case where A is methyl or phenyl group.

Structural unit () is derived from the corresponding dihydroxyl compound. Resins having a molar
fraction of structural unit (Ill) of 5 to 45 mol% give shaped articles having improved thermal resistance as
compared with resins which do not comprise structural unit (Ill). Resins having a molar fraction of structural
unit (lll) exceeding 45 mol% have higher optical anisotropy and, besides, low flow characteristics in melt fo
thereby become unsatisfactory in processability. The molar fraction of structural unit (lll) is preferably in a
range of 5 to 35 mol%, and more preferably in a range of 5 {0 25 mol%.

Structural unit (IV) binds with structural unit (I), (I1) or (Illl) by a carbonate bond. This structural unit is
generally derived from a compound represented by the general formula (V1)

o

i (VI)
D-0-C-0-D

wherein D is for example a phenyl group, an alkyl group or an alicyclic group; or from phosgene. Preferably
it is derived from diphenyl carbonate from the viewpoint of ease of the manufacturing. In the resins of the
present invention, the molar fraction, v, of structural unit (IV) is within the range of 20 to 50 mol%, and
preferably within the range of 25 fo 50 mol%, more preferably within the range of 30 to 50 mol%, most
preferably within the range of 40 to 50 mol%. If v is less than 20 mol%, the resin will have a high water
absorption property, which is not preferred.

Structural unit (V) binds with structural unit (I), (I) or (lll) by an ester bond. This structural unit is
generally derived from a compound represented by the general formula (VII)

O 0
| | (VII)
E-C-B-C-E

wherein E is a hydroxyl group, a chlorine atom, a phenoxy group, an alkoxyl group or a cycloalkoxy! group,
and B is as defined before. It is preferred that E be a phenoxy group or an alkoxyl group or cycloalkoxyl
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group having not more than 8 carbon atoms from the viewpoint of ease of polymerization. The molar
fraction, w, of structural unit (V) is (50 - v) mol%.

Preferably, B in structural unit (V) is a divalent saturated aliphatic hydrocarbon group having 1 to 20
carbon atoms, a divalent saturated alicyclic hydrocarbon group having 3 to 20 carbon atoms or a divalent
aromatic hydrocarbon group having 6 to 20 carbon atoms, and more preferably a divalent saturated
aliphatic hydrocarbon group having 1 to 12 carbon atoms, a divalent saturated alicyclic hydrocarbon group
having 4 to 15 carbon atoms or a divalent aromatic hydrocarbon group having 6 to 12 carbon atoms.

Suitable examples of structural unit (V) are shown below.

(i) Where B is a divalent saturated aliphatic hydrocarbon group:

0 0 0 0
{ ﬂ 1 il
-C-CH2CHz2~-C~ | -C-CH2-CE-C-,
I
CHs
0 0 0 CHas 0

i l I [ I
-C-CH2CH2CH2CH2-C - —C—CHz—CI-CHz—C—,
CHs

0 0 0 0
i1 f [l il
—CCH;)s—C— and —C—+£CH,)y—C—

(i) Where B is a divalent saturated alicyclic hydrocarbon group:

O 0 O 0 O 0
i

0
" O I I
R I T @ N PR 33
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0 Gmo 0 o O
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CEs
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(ili) Where B is a divalent aromatic hydrocarbon group:

O 0
f f
L@k -1 ¢

Among the above-mentioned structural units (V), particularly, the following structural units give the

o)

0

O o
, -toerc-

H,C CH, o
n H @ fl
SoWo SR Ecalces
CH;

resins of the present invention with excellent thermal resistance:

o
I
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0
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The following structural units give the resins with the most excellent thermal resistance:

|

0
—Cgé—' "g@gc- ana  =C-Gx &

Here, in the field where exiremely low birefringence is required, such as magnetooptical recording
media, etc., the use of a structural unit (V) belonging to the above group (iii) should be limited within an
appropriate range.

Structural units (1), (lll) and (V) may be present in the resins of the present invention either singly or in
admixtures of 2 or more. Small amounts of any optical other structural units may also be incorporated within
limits not to impair the characteristics of the resins of the present invention.

If the above structural unit (lll) is replaced by another structural unit, e.g. structural unit

derived from bisphenol A, no resins with excellent thermal resistance and low birefringence will be obtained.

The resins of the present invention have a number average molecular weight determined by gel
permeation chromatography (GPC) of 10,000 to 100,000 (relative to standard polystyrene). The number
average molecular weight of the resins of the present invention is preferably within the range of from 15,000
fo 80,000, and more preferably within the range of from 15,000 to 50,000. The shaped articles from resins
with the number average molecular weight of less than 10,000 are brittle and inferior in mechanical strength.
On the other hand resins with a number average molecular weight exceeding 100,000 are not only difficult
to produce but low in processability, which are not preferred.

The resins of the present invention can be produced by known processes. The known processes are
ones conducting condensation reaction of a mixture of diphenyl carbonate, diphenyl ester of dicarboxylic
acid and diol; condensation reaction of a mixture of dialky! carbonate, dialkyl ester of dicarboxylic acid and
diol; condensation reaction of phosgene, dicarboxylic acid chloride and diol; condensation reaction of
phosgene, dicarboxylic acid chloride and alkali metal salt of diol; and the like reactions in the presence of,
as required, an appropriate catalyst. The reactions can be conducted according to various processes such
as melt polymerization and solution polymerization depending on the type of the reaction but, melt
polymerization is preferred from the viewpoint of processability.
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Hereinbelow explanations will be given on the case where the resins of the present invention are
produced by melt process. As a catalyst, it is preferred to use a lithium metal or a lithium compound such
as lithium hydride, lithium nitride, lithium hydroxide or a lithium alkoxide, e.g. lithium ethoxide or lithium
butoxide which accelerates well the reaction. Such catalysts are generally used in an amount of 0.0001 to 1
mol% based on the total moles of the starting compounds, and preferably in an amount of 0.001 to 0.1
mol% on the same basis. If the amount of the catalyst used is smaller than the above range, the reaction
rates will extremely decrease; while the amount is larger than the above range, the water absorption
property of the resin obtained will increase. Polycondensation reaction is conducted by heating starting
compounds with stirring in the presence of a catalyst under an atmosphere of inert gas such as nitrogen,
argon or carbon dioxide and distilling off the alcohol or phenol which generates. The reaction temperature
varies depending on the type of starting compounds, the boiling point of the alcohol or phenol which
generates and the reaction rate required but, it is generally in the range of from 150 to 300 ° C. At the latter
part of the reaction, the system is as required depressurized to promote the reaction. The pressure is within
the range of from 0.001 to 100 mmHg. After completion of the reaction, the resin formed is extruded from
the reactor into a strand, which is then pelletized, or the resin is taken out from the reactor as a block,
which is then granulated. The thus obtained resin may further be subjected to solid phase polymerization.

The resins of the present invention can also be produced by first producing separately a resin
comprising structural units (1), (IV) and (V) and a resin comprising structural unit (Il) or (Ill) and structural
units (IV) and (V), and then melting and mixing the two resins in such amounts that the molar fractions of
structural units (1), (I), (1l1), (IV) and (V) will meet the conditions specified by the present invention.

The resins of the present invention have the following three features () to @):

@ have the high thermal resistance, the glass transition temperature being at least 110°C,

@ are highly transparent, the light transmittance being at least 80% (2 mm thick) in the wave length
range of 400 to 800 nm, and

® have low water absorption at saturation of not more than 0.4%, and the warp or deformation caused
by water absorption is very little.

Majority of the resins of the present invention have the following features @ to ®):

® are highly weather-resistant, having a flexural strength retention and light transmittance retention after
being kept at 75° C, 85% RH for 200 hours of at least 90% and 100% respectively,

® are of low birefringence, the photoelastic coefficient, which is an index of birefringence, being not

more than 40 x 1073 cm?/dyne in absolute value at 25°C, and
® have high surface hardness of at least 2H.

The resins of the present invention can be formed into shaped articles by any known melt molding
process, such as press molding, extrusion molding, injection molding or injection compression molding. The
resins of the present invention can also be formed into films by a casting process. In the case of melt
molding process, the resin temperature and the die temperature are generally set at 200 to 350°C and 40
to 150 ° C respectively. When the resin of the present invention is molded, a heat stabilizer, a light stabilizer,
an anti-static agent, a lubricant, an inorganic or organic filler, a dye, a pigment or the like may as required
by added to the resin.

Flat plates or the like simple-shape articles formed from the resins of the present invention may further
be laminated with an inorganic or organic material, be formed into more complex shapes by adhesion or
fusion, or be higher-order processed by for example embossing on the surface.

In the case where the resins of the present invention are used as materials for substrates of read-only
optical recording media, the resins are first molded by injection or the like molding using dies which have
grooves, signals or the like to give such substrates. A layer of aluminum or the like metals is formed by
vacuum deposition or the like process on the recording surface of the substrates thus obtained, and the
layer is further covered with a protective polymer layer, or a pair of such substrates each having the
recording surface carrying the metal thereon are patched together such that the two recording surfaces
meet.

Information recording layers may be provided on the flat substrates comprising the resins of the present
invention also by 2P process using photosetting resins. The information recording layers may also be
formed by providing a thin layer of an inorganic substance such as tellurium oxide or terbium-iron-cobalt
alloy, or an organic substance such as cyanine dye on the surfaces of the shaped articles.

The resins of the present invention can be used, making the most of the above-described superior
features, for uses as listed below.

@ Parts for lighting fixtures
@ Various signboards
@ Substitutes for glass in the field of windows, wind-shields, etc.
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® Substrates for display elements such as liquid crystal display

(® Various lenses including convex/concave lenses used for eyeglass, camera, loupe, videoprojector,
etc., Fresnel lens and the like

® Diffraction gratings for the pick-ups of optical disk players, spectroscopy elements, optical low-pass
filters and the like

@ Various optical elements, e.g. prism, optical waveguide, beam splitter, etc.

Optical fibers

@ Substrates for optical recording media such as optical disks and optical memory cards.

EXAMPLES

Other features of the invention will become apparent in the course of the following descriptions of
exemplary embodiments which are given for illustration of the invention and are not intended to be limiting
thereof. In Examples below, physical properties were measured according to the following methods.

@ Number average molecular weight: measured by GPC (relative to standard polystyrene)
@ Glass transition temperature: determined by differential scanning calorimeter (under nitrogen, heating
rate: 10 ° C/min).

@ Light transmittance: Specimens shaped by thermopress into 2 mm thick are measured for light

transmittance at the wavelength of 400, 600 and 800 nm using a spectrophotometer.

® Birefringence (retardation): Shaped specimens having a diameter of 40 mm and a thickness of 6 mm
are thermopressed into 1 mm thick, and the thus obtained flat disk is measured for birefringence at a
location 30 mm distant from its center using a polarizing microscope (wavelength: 589 nm).

(® Photoelastic coefficient: Specimens of 10 cm long, 2 cm wide and 2 mm thick formed by

thermopress are tested with a light source of helium-neon laser according to the method proposed by
Soejima et al (Kobunshi Jikkengaku Vol. 10, p 296 (1983) edited by Kobunshi Jikkengaku Editorial
Committee of Kobunshi Gakkai (the Society of Polymer Science, Japan), issued from Kyoritsu, Tokyo)
® Flexural strength: obtained as the flexural stress just when the load determined according to three-
point loading test method (JIS K7203, ASTM D790) reaches the maximum value.

@ Surface hardness: determined by pencil scratch test according to JIS K 5400. The outline of the

procedure is shown below. Specimens shaped by thermopress into 2 mm thick are scratched by pencils
with various hardness. The scraiching test is conducted with increasing hardness of pencils, and the
surface of the specimen is checked visually for any scratch. When a scratch is found out, the hardness
code of the pencil is reported as the surface hardness. The order of the hardness codes for pencil is as
follows, 9H being the hardest and 6B the softest.

9H, 8H, ..., 2H, H, F, HB, B, 2B, ..., 5B, 6B
Water absorption at saturation: determined by the weight increase by water absorption of a specimen
immersed in distilled water at 23 * C when no further increase in the weight is observed.
®@ Warping caused by water absorption: Aluminum is deposited to a thickness of 100 nm on a specimen
of 10 cm long, 2 cm wide and 2 mm thick. The maximum warp which generates when the piece is
immersed in distilled water at 23 ° C is reported.
Resistance to high temperature and humidity: Retentions of the flexural strength and light transmit-
tance at a wavelength of 400 nm of a specimen having been allowed to stand in a bath of constant
temperature and humidity at 75° C and 85% RH for 200 hrs.

Example 1

A 100-ml three-necked flask fitted with a stirrer, a nitfrogen gas inlet and a distillation head and a
condenser was charged with 22.2 g (0.10 mole) of perhydro-2,3-dihydroxymethyl)-1,4:5,8-dimethanonaph-
thalene, 21.4 g (0.10 mole) of diphenyl carbonate and 0.8 mg (0.10 mmole) of lithium hydride, and the flask
was heated with nitrogen gas streaming thereinto to 200°C in an oil bath and the contents were stirred at
the same temperature for 60 minutes. Stirring was continued for 30 minutes at 230°C and another 30
minutes at 250 ° C. Then, the system was depressurized to 0.3 mmHg and the contents were stirred for 30
minutes fo give 22.0 g of a colorless fransparent resin. The elemental analysis of the thus obtained resin
revealed: C: 72.77% and H: 7.94% (theoretically C: 72.58% and H: 8.06%). The resin was confirmed to be
a polycarbonate obtained by condensation reaction from the facts that 18.75 g (theoretical value: 18.80 g) of
phenol had been distilled out and that the number average molecular weight determined by GPC was
37,000. The "H-NMR spectrum (in deuterated chloroform) of the resin is shown in FIGURE 1.
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In FIGURE 1, absorption by methylene proton bound to carbon atom adjacent to oxygen atom of

-O'CHz CHz "O"‘

appears in the range of 3.7 to 4.4 ppm, while absorption by other protons appearing in the range of 0.7 to
2.5 ppm.
Table 2 shows various physical properties of the resin.

Examples 2 through 8 and Comparative Examples 1 and 2

In manners similar to that of Example 1, polycarbonates, polyestercarbonates and polyesters were
prepared from various starting compounds. The starting compounds and reaction conditions employed are
summarized in Table 1. For all the cases, 0.1 mmole of lithium hydride was used as the catalyst. From
elemental analyses and '"H-NMR spectra of the resins obtained, it was confirmed that the resins obtained all
correspond to the respective starting compounds. Various physical properties of the obtained resins are
summarized in Table 2.

Comparative Examples 3 and 4

Various physical properties of a PMMA (Parapet H-1000 made by Kyowa Gas Chemical Industry Co.,
Ltd.; Comparative Example 3) and PC (Panlite AD-5503 made by Teijin Chemicals Ltd.; Comparative
Example 4) are shown in Table 2.

As is apparent from Table 2, the resins of the present invention have lower water absorption property
than polyesters having similar structures, have superior thermal resistance and water resistance as
compared to PMMA and superior surface hardness and higher weather resistance than PC, thus having
excellent characteristics as transparent resins.

10
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Example 9

55

A 100-ml three-necked flask fitted with a stirrer, a nitfrogen gas inlet and a distillation head and a
condenser was charged with 7.20 g (0.05 mole) of 2,2,4,4-tetramethyl-1,3-cyclobutanediol,11.1 g (0.05 mole)
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of perhydro-2,3-di(hydroxymethyl)-1,4:5,8-dimethanonaphthalene, 21.4 g (0.10 mole) of diphenyl carbonate
and 0.8 mg (0.10 mmole) of lithium hydride, and the flask was heated with nitrogen gas streaming thereinto
to 200°C in an oil bath and the contents were stirred at the same temperature for 50 minutes. Stirring was
continued for 30 minutes at 230 ° C and another 30 minutes at 250 ° C. Then, the system was depressurized
to 0.5 mmHg and the contents were stirred for 10 minutes fo give 19.2 g of a fransparent light yellow resin.
The elemental analysis of the thus obtained resin revealed: C: 68.62% and H: 8.09% (theoretically C:
68.90% and H: 8.13%). The resin was confirmed to be a polycarbonate obtained by condensation reaction
from the facts that 18.68 g (theoretical value: 18.80 g) of phenol had been distilled out and that the number
average molecular weight determined by GPC was 25,000. The 'H-NMR spectrum (in deuterated chlo-
roform) of the resin is shown in FIGURE 2.
In FIGURE 2, absorption by methyne proton of

_OQO_

and by methylene proton bound to carbon atom adjacent to oxygen atom of

—O-CH: CH:‘O-

appear in the range of 3.7 to 4.4 ppm, while absorption by other protons appearing in the range of 0.9 to
2.5 ppm.
Table 4 shows various physical characteristics of the resin.

Examples 10 through 12 and 12 17 and Comparative Example 5

In manners similar to that of Example 9, polycarbonates and polyestercarbonates were prepared from
various starting compounds. The starting compounds and reaction conditions employed are summarized in
Table 3. For all the cases, 0.1 mmole of lithium hydride was used as the catalyst. The structures of the
resins obtained were confirmed by elemental analyses and '"H-NMR spectra. Various physical properties are
summarized in Table 4.

As is apparent from Table 4, the resins of the present invention have very low water absorption property
and excellent characteristics as transparent resin.
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Example 13

55

A 1-liter three-necked flask fitted with a stirrer, a nitrogen gas inlet and a distillation head and a
condenser was charged with 58 g (0.2 mole) of 1,1-di(4-hydroxyphenyl)-1-phenylethane (Bis-AP), 178 g (0.8
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mole) of perhydro-2,3-di(hydroxyphenyl)-1,4:5,8-dimethanonaphthalene, 214 g (1.0 mole) of diphenyl car-
bonate and 8.0 mg (1.0 mmole) of lithium hydride, and the flask was heated with nitfrogen gas streaming
thereinto to 200°C in an oil bath and the contents were stirred at the same temperature for 30 minutes.
Stirring was continued for 40 minutes at 230 ° C and another 80 minutes at 250° C. Then, the system was
depressurized to 2 mmHg and the contents were stirred for 60 minutes to give 239 g of a fransparent light
brown resin. The 'H-NMR spectrum (90 MHz, in deuterated chloroform) of the resin is shown below,
wherein figures in brackets show relative absorption intensities.
0.8 to 2.4 ppm: proton of perhydrodimethanonaphthalene skeleton and proton of the methyl group of Bis-AP
[67]
3.7 to 4.3 ppm: proton of -OCH- [16]
6.9 to 7.6 ppm: proton of aromatic ring [15]

Table 6 shows various physical properties measured on the resin.

Examples 14 through 17

Example 13 was repeated except for changing the starting compounds and/or amounts thereof charged
fo obtain various resins. The starting compounds and the amounts thereof charged are summarized in Table
5.
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0.3

Moles charged
0
V]
0
0
0

o

@-ogo@
0
@-oéo@
o

@-ogo-@
. ‘©r Og{—Cth(': 040

Upper : starting compound yielding structural unit (IV)
Lower : starting compound yielding structural unit (V)

n -}
[
L] o>
- H
F-1 L]
] F-]
[ad ] - "] ~ ~ L] ~ o~ o
. . . . . . .
” o o o -] -] -] o o
L ]
-
o
=

CH20H

CH20H
CH20H
CH:0H

Compound
o QCHJ
©)—OH
©)
[D:XZCHzOH
CHaOH
©+O-0H
HO
Q)
aQx
CHa oH
HO—<0)+4A0)
©
APAx
©
HO—@)Y<0)—0H
©)
QL

Upper : starting compound yielding structural unit (§ )
Lower : starting compound yielding structural unit (] )

Example
14
15
16
17

Various characteristics measured on the resins obtained in Examples 14 through 17 are shown in Table
6. Similarly, characteristics of a polycarbonate obtained from 1,1-di(4-hydroxyphenyl)-1-phenylethane (Com-
parative Example 7) and a polycarbonte obtained by the use of equimolar amounts of perhydro-2,3-di-
(hydroxymethyl)-1,4:5,8-dimethanonaphthalene and bisphenol A as hydroxyl compounds (Comparative
Example 8) are shown.
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Examples 18 and 19

55

Example 13 was repeated except for using instead of 214 g of diphenyl carbonate a mixture of 107 g
(0.5 mole) of diphenyl carbonate and 188 g (0.5 mole) of octahydro-4,7-methanoindenedicarboxylic acid

diphenyl ester (mixture of various isomers), and a mixture of 107 g (0.5 mole) of diphenyl carbonate and
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221 g (0.5 mole) of dodecahydro-1,4:5,8-dimethanofluorenedicarboxylic acid dipheny! ester (mixture of
various isomers) to obtain corresponding polyestercarbonte resins.

The thus obtained resins both show glass transition temperatures higher than 135 ° C, thus showing high
thermal resistance, and are also excellent in other characteristics.

Claims

1. Polycarbonate or polyestercarbonate resins having a number average molecular weight of 10,000 to
100,000 and comprising structural units represented by the following formulae (1), and (IV) and
optionally structural units represented by the following formula (Il) or (lll) and (V), the molar fraction of
the structural unit (I) or the sum of the molar fractions of the structural unit (I) and the structural unit (Il
or (Ill) being substantially the same as the sum of the molar fractions of the structural units (IV) and (V),
the molar fraction of the structural unit (Il) or (lll) being up to to 45 mol% and the molar fraction of the
structural unit (IV) being 20 to 50 mol%:

OCH, CH,0

(1)
n
whereinnis 0, 1 or 2,

" CH\,C/CH, ;

(II) LO cq/ \cq (o3
\C/ ) '
-\
L CHs CH; |
!

(III) <O c—@-o--

©

wherein A is an alkyl group or a phenyl group,

o}
(Iv) I
C , and
fo o0
(V) ] 1
JL-C—B—CJ—

wherein B is a divalent saturated aliphatic hydrocarbon group, saturated alicyclic hydrocarbon group or
aromatic hydrocarbon group.

2. Polycarbonate or polyestercarbonate resins having a number average molecular weight of 10,000 fo
100,000 and comprising structural units represented by the following formulae (1), (IV) and optionally
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(V), the molar fraction of the structural unit (I) being substantially the same as the sum of the molar
fractions of the structural units (IV) and (V), and the molar fraction of the structural unit (IV) being 20 fo
50 mol%:

0oCH, CH,O0

(I)
n
wherein nis 0, 1 or 2,

(0

(V) I
+C+ , and
|
[0 o

(V) { I
1+C-3-C

wherein B is a divalent saturated aliphatic hydrocarbon group, saturated alicyclic hydrocarbon group or
aromatic hydrocarbon group.

The polycarbonate or polyestercarbonate resins according to Claim 2 wherein the molar fraction of
structural unit (IV) is 30 to 50 mol%.

The polycarbonate or polyestercarbonate resins according to Claim 2 wherein the molar fraction of
structural unit (IV) is 40 to 50 mol%.

The polycarbonate or polyestercarbonate resins according to Claim 2 wherein B of structural unit (V) is
a divalent saturated alicyclic hydrocarbon having not more than 20 carbon atoms.

The polycarbonate or polyestercarbonate resins according to Claim 2 wherein n of structural unit (1) is 1
Polycarbonate resins having a number average molecular weight of 10,000 to 100,000 and comprising
structural units represented by the following formulae (1), (Il) and (IV), the sum of molar fractions of the

structural units () and (Il) being substantially the same as the molar fraction of the structural unit (IV),
and the molar fraction of the structural unit (Il) being 5 to 45 mol%:

CH, CH;O

(1)

wherein nis 0, 1 or 2,
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CH, CH,
\\C/

{IL) 0 CH/ \CH 0, d
. 10- -0+ , an
~_7
AN
i CH, CH, )

o}

{IV) i

C

The polycarbonate resins according to Claim 7 wherein the molar fraction of structural unit (Il) is 10 to
40 mol%.

The polycarbonate resins according to Claim 7 wherein n of structural unit (I) is 1.

Polycarbonate or polyestercarbonate resins having a number average molecular weight of 10,000 to
100,000 and comprising structural units represented by the following formulae (1), (Ill), (IV) and
optionally (V), the sum of the molar fractions of the structural units (I) and (lll) being substantially the
same as the sum of the molar fractions of the structural units (IV) and (V), the molar fraction of the

structural unit (lll) being 5 to 45 mol% and the molar fraction of the structural unit (IV) being 20 to 50
mol%:

OCH, CH,O]
(o)
wherein nis 0, 1 or 2,

(III) l»o—@-c::—@-o-’

wherein A is an alkyl group or a phenyl group,

[0

(IV) i
"CJ , and
[0 o

(V) f I
+C~-3-C

wherein B is a divalent saturated aliphatic hydrocarbon group, saturated alicyclic hydrocarbon group or
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aromatic hydrocarbon group.

11. The polycarbonate or polyestercarbonate resins according to Claim 10 having a photoelastic coefficient

at 25° C of not more than 40 x 1073 cm?/dyne in absolute value.

Patentanspriiche

1.

Polycarbonat- oder Polyestercarbonatharze mit einem Zahlenmittel des Molekulargewichts von 10 000
bis 100 000, die Struktureinheiten, wiedergegeben durch die folgenden Formeln (I) und (IV), und
gegebenenfalls Struktureinheiten, wiedergegeben durch die folgenden Formeln (Il) oder (lll) und (V),
umfassen, worin der Molenbruch der Struktureinheit (I) oder die Summe der Molenbriiche der
Struktureinheit (I) und der Struktureinheit (II) oder (Ill) im wesentlichen gleich der Summe der
Molenbriiche der Struktureinheiten (IV) und (V) ist, wobei die Molenbriiche der Struktureinheit (Il) oder
(1) bis zu 45 Mol-% und der Molenbruch der Struktureinheit (IV) 20 bis 50 Mol-% ausmachen:

OCH, CH,0+

(I)

]

-
poe

worin n 0, 1 oder 2 bedeutet,

p

CH, /CH; ]
~N
C

(II) -0 cﬁ/'\cu o
NS ’

C
7\
CH, CH,

— ?d<:>:j
-0 c 0-
| ©

worin A einen Alkylrest oder eine Phenylgruppe darstellt,

(1v) {E} und

O
w e

worin B ein zweiwertiger geséttigter aliphatischer Kohlenwasserstoffrest, gesittigter alicyclischer Koh-
lenwasserstoffrest oder aromatischer Kohlenwasserstoffrest ist.

(ITI)

Polycarbonat- oder Polyestercarbonatharze mit einem Zahlenmittel des Molekulargewichts von 10 000
bis 100 000, die Struktureinheiten, wiedergegeben durch die folgenden Formeln (1), (IV) und gegebe-
nenfalls (V), umfassen, worin der Molenbruch der Struktureinheit (I) im wesentlichen gleich der Summe
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der Molenbriiche der Struktureinheiten (IV) und (V) ist, und der Molenbruch der Struktureinheit (IV) 20
bis 50 Mol-% betragt:

OCH, CH,O0

. E

="
worin n 0, 1 oder 2 bedeutet,

(Iv) -C und

(v) -C—-B—

worin B ein zweiwertiger geséttigter aliphatischer Kohlenwasserstoffrest, gesittigter alicyclischer Koh-
lenwasserstoffrest oder aromatischer Kohlenwasserstoffrest ist.

Polycarbonat- oder Polyestercarbonatharze nach Anspruch 2, worin der Molenbruch der Struktureinheit
(IV) 30 bis 50 Mol-% betragt.

Polycarbonat- oder Polyestercarbonatharze nach Anspruch 2, worin der Molenbruch von Struktureinheit
(IV) 40 bis 50 Mol-% betragt.

Polycarbonat- oder Polyestercarbonatharze nach Anspruch 2, worin B von Struktureinheit (V) ein
zweiwertiger gesittigter alicyclischer Kohlenwasserstoffrest mit hdchstens 20 Kohlenstoffatomen ist.

Polycarbonat- oder Polyestercarbonatharze nach Anspruch 2, worin n von Struktureinheit (I) 1 ist.
Polycarbonatharze mit einem Zahlenmittel des Molekulargewichts von 10 000 bis 100 000,

die Struktureinheiten, wiedergegeben durch die folgenden Formeln (1), (Il) und (IV), umfassen,

wobei die Summe der Molenbriiche der Struktureinheiten (I) und (ll) im wesentlichen gleich dem

Molenbruch der Struktureinheit (IV) ist, und der Molenbruch der Struktureinheit () 5 bis 45 Mol-%
betragt:

[OCH, CH,O
(1)

worin n 0, 1 oder 2 bedeutet,
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CH, CH,
N7

(II)no-cﬁ/ >pﬂ—o~ und

]

N
CHy CH,

(Iv) C+ .

Polycarbonatharze nach Anspruch 7, worin der Molenbruch der Struktureinheit (Il) 10 bis 40 Mol-%
betragt.

Polycarbonatharze nach Anspruch 7, worin n von Struktureinheit (I) 1 ist.

Polycarbonat- oder Polyestercarbonatharze mit einem Zahlenmittel des Molekulargewichts von 10 000
bis 100 000, die Struktureinheiten, wiedergegeben durch die folgenden Formeln (1), (lll), (IV) und
gegebenenfalls (V), umfassen, wobei die Summe der Molenbriiche der Struktureinheiten (1) und (lll) im
wesentlichen gleich der Summe der Molenbriiche der Struktureinheiten (IV) und (V) ist, wobei der
Molenbruch von Struktureinheit (Ill) 5 bis 45 Mol-% und der Molenbruch von Struktureinheit (IV) 20 bis
50 Mol-% betrégt:

focH, cH,0!

(1)

worin n 0, 1 oder 2 ist,

|.___.|

A

(111) 0 C

|
worin A ein Alkylrest oder eine Phenylgruppe ist,

(1Iv) ?
C und

(v) 0 o
i it
Cc-B-C

worin B einen zweiwertigen geséttigten aliphatischen Kohlenwasserstoffrest, einen gesittigten alicycli-
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schen Kohlenwasserstoffrest oder einen aromatischen Kohlenwasserstoffrest darstellt.

11. Polycarbonat- oder Polyestercarbonatharze nach Anspruch 10 mit einem Absolutwert des fotoelasti-
schen Koeffizienten bei 25 ° C von hdchstens 40 x 10~ cm?/dyn.

Revendications

1. Résines de polycarbonate ou de polyestercarbonate ayant une moyenne en nombre du poids
moléculaire de 10 000 & 100 000 et comprenant des motifs structuraux représentés par les formules (I)
et (IV) suivantes et, éventuellement, des motifs structuraux représentés par les formules (Il) ou (lll) et
(V) suivantes, la fraction molaire du motif structural (I) ou la somme des fractions molaires du motif
structural (I) et du motif structural ou (ll) ou (lll) étant essentiellement la méme que la somme des
fractions molaires des motifs structuraux (IV) et (V), la fraction molaire du motif structural (Il) ou (lll)
pouvant atteindre 45 % molaires et la fraction molaire du motif structural (IV) étant de 20 & 50 %
molaires :

OCH, C=;0

(1)
n
dans laquelle nest 0, 1 ou 2,
- I-E\; z, ]
C
2\
(TI) —0-CH CEZ-0+ |,
N
C
CH \C"
[ & MR

A
(IIX) --o—@—cl:@—o-

dans laquelle A est un groupe alkyle ou un groupe phényle,

ki

(1V) .

LC !’ ©
5 o

(v) I ﬁ)
}C-3-C

dans laquelle B est un groupe hydrocarboné aliphatique saturé divalent, un groupe hydrocarboné
alicyclique saturé divalent ou un groupe hydrocarboné aromatique divalent.
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Résines de polycarbonate ou de polyestercarbonate ayant une moyenne en nombre du poids
moléculaire de 10 000 & 100 000 et comprenant des motifs structuraux représentés par les formules (1),
(IV) et, éventuellement, (V) suivantes, la fraction molaire du motif siructural () étant essentiellement la
méme que la somme des fractions molaires des motifs structuraux (IV) et (V) et la fraction molaire du
motif structural (IV) étant de 20 & 50 % molaires :

focx, C=,0
(T)
7"

dans laquelle nest 0, 1 ou 2,

o

(V) “\ et
7
"o o
[} I

) 'LC-B-C

dans laquelle B est un groupe hydrocarboné aliphatique saturé divalent, un groupe hydrocarboné
alicyclique saturé divalent ou un groupe hydrocarboné aromatique divalent.

Résines de polycarbonate ou de polyestercarbonate selon la revendication 2, ol la fraction molaire du
motif structural (IV) est de 30 & 50 % molaires.

Résines de polycarbonate ou de polyestercarbonate selon la revendication 2 ol la fraction moiaire du
motif structural (V) est de 40 & 50 % molaires.

Résines de polycarbonate ou de polyesiercarbonate selon la revendication 2, ol B, dans le moiif
structural (V), est un groupe hydrocarboné alicyclique saturé divalent n'ayant pas plus de 20 atomes de

carbone.

Résines de polycarbonate ou de polyesiercarbonate selon la revendication 2, oll n, dans le moiif
structural (1), vaut 1.

Résines de polycarbonate ayant une moyenne en nombre du poids moléculaire de 10 000 & 100 000 et
comprenant des motifs siructuraux représentés par les formules (1), (Il) et (IV) suivantes, la somme des
fractions molaires des motifs siructuraux et (I) et (ll) étant essentiellement la méme que la fraction
molaire du motif structural (IV) et la fraction molaire du motif siructural (Il) étant de 5 & 45 % molaires :

locK, CH,O

(1)

dans laquelle nest 0, 1 ou 2,
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~ CH, CH, |
\C/
7\
(IT) --o-ca\ /cx—o- , et
L CH; CHg
o)
(Iv) i
c

Résines de polycarbonate selon la revendication 7, ol la fraction molaire du motif structural (lll) est de
10 4 40 % molaires.

Résines de polycarbonate selon la revendication 7, ol n, dans le motif structural (I), vaut 1.

Résines de polycarbonate ou de polyestercarbonate ayant une moyenne en nombre du poids
moléculaire de 10 000 & 100 000 et comprenant des motifs structuraux représentés par les formules (1),
(I, (IV) et, éventuellement, (V) suivantes, la somme des fractions molaires des motifs structuraux (l) et
(ll) étant essentiellement la méme que la somme des fractions molaires des motifs structuraux (IV) et

(V), la fraction molaire du moiif structural (lll) étant de 5 & 45 % molaires et la fraction molaire du motif
structural (IV) étant de 20 4 50 % molaires :

focx, €%,0%

(%)

dans laquelle nest 0, 1 ou 2,

dans laquelle A est un groupe alkyle ou un groupe phényle,

i O]

(zv) i ot
7
0 o

(V) |
1€-3-¢

dans laquelle B est un groupe hydrocarboné aliphatique saturé divalent, un groupe hydrocarboné
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alicyclique saturé divalent ou un groupe hydrocarboné aromatique divalent.

11. Résines de polycarbonate ou de polyestercarbonate selon la revendication 10, ayant un coefficient
photoélastique & 25° C dont la valeur absolue ne dépasse pas 40 x 10~'2 cm?/dyn.
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